Several vertebrate genes of the Hairy/Enhancer-of-split (HES) family are involved in paraxial mesoderm segmentation and intersomitic boundary establishment/maintenance. Here, we show that the zebra®sh hairy-related gene, her6, highly homologous to the mammalian and chicken HES-1 genes, is expressed in the posterior part of each segmented somite and in stripes in the anterior presomitic mesoderm (PSM), and also in a dynamic, segmentally restricted pattern during hindbrain segmentation, with all rhombomeres expressing her6 at different time points and at different levels. q
Results

Cloning and sequence analysis of her6
The Drosophila gene, hairy, codes for a basic helix± loop±helix transcription factor required for early embryo segmentation and for the fate determination of several cell types. Vertebrate genes of the related Hairy/Enhancer-ofsplit (HES) family are required for the control of neural cell fate decision in the mouse central nervous system (CNS; Kageyama and Ohtsuka, 1999) , and have recently been shown to be involved in paraxial mesoderm segmentation and intersomitic boundary formation in the ®sh, frog, chicken and mouse (Takke and Campos-Ortega, 1999; Jen et al., 1999; Palmeirim et al., 1997; del Barco Barrantes et al., 1999; Jouve et al., 2000) . To investigate a possible involvement of HES genes in the segmentation of the vertebrate CNS, we used RT-PCR with degenerate primers corresponding to conserved regions of hairy-family proteins, and in situ hybridization to identify hairy-related genes segmentally expressed in the zebra®sh hindbrain.
A PCR product, corresponding to a gene expressed in a segmental fashion in the anlage of the CNS during early embryonic development, was used as a probe to screen a zebra®sh embryonic cDNA library. Three independent cDNA clones were sequenced and found to correspond to the her6 gene (GenBank accession number, X97333), however, none of the three clones contain the suggested translational initiation site at position 32 in the GenBank sequence. In order to characterize the most 5 H portion of the her6 cDNA, we performed rapid ampli®cation of cDNA ends (RACE). Sequencing of two independent clones showed that no in-frame translational initiation codon is present upstream of codon 224 of the GenBank sequence (Fig. 1A) . We would therefore reason that nucleotide 224, which is embedded in a sequence (GAAGATGC) providing an adequate vertebrate consensus translation initiation context (Kozak, 1996) , represents the true initiation site for the translation of her6. The two sequenced clones also differ from the GenBank sequence at a one-base insertion shortly followed by a one-base deletion, which change the deduced amino acid sequence of the her6 product from (Fig. 1A) . The predicted amino acid sequence of the her6 product shows very a high homology to other vertebrate WRPWbHLH proteins of the hairy-Enhancer-of-split family, in particular to X. laevis X-Hairy1, to chicken c-hairy2/HES-1 and to the rat, mouse and human HES-1 proteins (Fig. 1B) . 
Dynamic regulation of her6 expression in the early hindbrain primordium
The expression pattern of her6 was characterized by whole-mount in situ hybridization of zebra®sh embryos. Although a weak expression of her6 is detectable as early as at 70% epiboly in a discrete domain of the anterior epiblast (data not shown), it is not until around the tailbud stage that a clear segmental pattern of expression starts to appear in the neural primordium. By this stage, her6 transcripts are found in a fan-shaped region comprising the midline and the prospective forebrain, and in a thin transverse stripe in the prospective hindbrain ( Fig. 2A) . From this time on, the pattern of her6 expression in the hindbrain becomes highly dynamic and a coherent picture could only be obtained by performing a detailed time-course analysis using two-colour in situ hybridizations with both her6 and a krox20 probe to label rhombomeres r3 and r5 as landmarks (Oxtoby and Jowett, 1993) . At the one-somite stage (Fig. 2B) , her6 is upregulated in a stripe corresponding to prospective r3, and a second domain of expression appears in prospective r5. By the two-somite stage, her6 transcripts are detected as two strong bands co-localizing with the domains of krox20 expression in prospective r3 and r5 (Fig. 2C) . Between the two-and three-somite stages, her6 transcripts are almost completely downregulated in r3, but persist in r5 (Fig. 2D) . At the ®ve-somite stage (Fig. 2E) , her6 is strongly expressed at the r3/r4 and r5/r4 boundaries and in r6, whereas lower expression occurs in r5 and the rhombomeres caudal to r6. By the seven-somite stage (Fig.  2F) , expression is strong in r1, r4, r6, r7 and r8, very low in r3 and absent from r2 and r5. At the 12-somite stage (Fig. Fig. 1 . The her6 cDNA encodes a bHLH-WRPW protein highly homologous to the vertebrate HES-1 gene products. (A) Nucleotide and deduced amino acid sequence of the her6 cDNA. Initiation of translation at codon 207, corresponding to codon 224 of the sequence originally deposited in GenBank (accession number, X97333), produces a protein of 270 amino acids, with a predicted relative molecular mass of 34 £ 10 3 . Boxes mark the basic domain (304±348), HLH domain (349±486), orange domain (525±603), WRPW C-terminal domain (1008±1015) and polyadenylation signal (1331±1336). Upward-and downwardpointing arrows, respectively mark the sites of the one-base insertion and deletion which change the reading frame between nucleotides 690 and 734 (nucleotides 707±751 of the GenBank sequence). (B) The protein product of her6 shows a strong homology to Xenopus laevis Hairy1, to chicken chairy2/HES-1 and to mouse, rat and human HES-1. The similarity is very high in the region encompassing the bHLH and orange domains. Fig. 2 . her6 is dynamically expressed in the hindbrain during the ®rst 24 h of zebra®sh development. Whole-mounted zebra®sh embryos were subjected to twocolour in situ hybridization with probes against her6 (dark brown colour) and krox20 (red colour), and then¯at-mounted for observation under an Axiophot microscope. In all cases, the anterior is the top. (A) Tailbud stage embryo; (B), one-somite stage embryo; (C), two-somite stage embryo; (D), three-somite stage embryo; (E), ®ve-somite stage embryo; (F), seven-somite stage embryo; (G), 12-somite stage embryo; (H), prim ®ve-stage embryo. krox20 labels r3 and r5, except in (H) where its has been downregulated in r3 and only subsists in r5, as described in Oxtoby and Jowett, 1993 . ov, Otic vesicle; is, isthmus. See main text for details of her6 expression. 2G), her6 expression levels are high in r1, r3±4 and r7±8, low in r5 and very low in r6. Expression in r2 is restricted to some cells around the midline. Between the 12-somite stage and the prim 5 stage (24±26 h post-fertilization), her6 transcripts in the hindbrain are progressively downregulated, and at the prim 5 stage, their expression is con®ned to r6 (Fig. 2H) .
Thus, in the ®rst 24 h of zebra®sh development, all rhombomeres express her6, although at different time points and at different levels. No immediate correlation, however, can be established between the pattern of expression of her6 and ongoing developmental processes in the hindbrain, such as interrhombomeric boundary formation (Moens et al., 1998) or the timing of the appearance of differentiated primary neurons (Wilson et al., 1990) . The initially strong expression of her6 in the forebrain region (Fig. 2A±C ) undergoes a progressive downregulation and spatial restriction, and at the prim 5 stage, the transcripts are only detected in a small area between the optic vesicles and around the forebrain/midbrain boundary ( Fig. 2H and data not shown).
Segmental expression of her6 in the somites and in the presomitic mesoderm (PSM)
From the beginning of somitogenesis on, weak levels of her6 expression were detected in all the segmented somites and in three domains in the PSM (Fig. 3A) . Expression in the somites is rather diffuse, but stronger in the caudal half of each somite (Fig. 3A,B) . In the PSM, the anteriormost domain of expression forms a pair of relatively intense and sharp bands located where a new pair of somites is about to form (Fig. 3A) ; the more posterior domain(s) are weaker and more diffuse. Expression of her6 was not detected in the tailbud or in the posterior PSM. Low her6 expression levels were also observed in the notochord (Fig. 3A,B) .
Materials and methods
Embryo production
Zebra®sh embryos, obtained by natural spawning from animals kept under standard conditions (Wester®eld, 1994) , were staged according to Kimmel et al. (1995) .
Cloning of full length her6 cDNA and RACE
The degenerate primers, 5
H -ATGCCIGCIGA(C/T)AT-IATGGA(A/G)AA and 5
H -GCTCTAGT(C/T)ACCAIGGI-C(G/T)CCA, respectively corresponding to the conserved N-terminal (MPADIMEK) and C-terminal (WRPWstop) regions of the hairy proteins, were used to amplify a cDNA template prepared by random primed reverse transcription of mRNA extracted from day 2 zebra®sh embryos. Forty cycles of ampli®cation (1 min at 948C, 2 min at 458C, 2 min at 728C) yielded a product of about 800 bp, which was subcloned into the pBluescript vector (Stratagene) by TA cloning and sequenced. The PCR product contained a mixture of fragments corresponding to two different hairyrelated genes. One of the PCR fragments was used to screen a 20±28 h zebra®sh l-ZAP II cDNA library. The positive cDNA clones were recovered from the l-ZAP II vector with the ExAssist e Interference-Resistant Helper Phage (Stratagene) and sequenced on both strands.
The rapid ampli®cation of the 5 H cDNA end (5 H RACE) was performed using the 5 H /3 H RACE Kit (Boehringer, Mannheim) according to the manufacturer's instructions.
In situ hybridization
Whole-mount in situ hybridizations were carried out as described in Oxtoby and Jowett (1993) . Two-colour wholemount in situ hybridizations with digoxigenin-and¯uores-cein-labelled probes were performed according to the protocol of Hauptmann and Gerster (1994) . Fig. 3 . her6 is expressed in the segmented somites and in the PSM. Wholemounted zebra®sh embryos were subjected to in situ hybridization with a probe against her6, and then¯at-mounted. The anterior is the top in (A) and the left in (B). The yellow dots are yolk granules. (A) Embryo at the 6±7-somite stage. her6 is expressed in the notochord, in all the segmented somites and in three stripes in the PSM (arrowheads). The anteriormost stripe in the PSM corresponds to the somite which is just about to be formed. (B) A close-up of the boxed area in (A), showing stronger her6 expression in the posterior region of the segmented somites. The positions of the somitic boundaries are indicated; nc marks the notochord.
